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in the same place from PhD onwards 
as that limits exposure to new ideas 
and methods and makes it harder to 
demonstrate independence if your 
supervisor is still there. But there is 
no fixed model for this, and there may 
be very good scientific (and personal) 
reasons why remaining at a particular 
university or research institute is the 
right thing to do.
What is your favourite type of 
conference? I’m sure many scientists 
would agree that small, specialized 
meetings that provide lots of time 
for individual presentations and 
ensuing discussion are often the 
most rewarding, particularly in terms 
of feedback on your own work. At the 
same time, larger conferences that 
cover a much wider range of topics 
provide an invaluable opportunity 
to keep in touch with current 
developments and colleagues who 
work in other fields. So, yes, I am one 
of the 30,000 or so who attend the 
Society for Neuroscience meeting 
each year.
Should biomedical research always 
have a clinical application in sight? 
No, there is a clear need for basic 
biomedical research in addition 
to research that is more obviously 
translational or clinical in nature. The 
direct medical impact of many key 
discoveries in biology only became 
apparent much later. Nevertheless, 
there are certainly more funding 
opportunities available if it’s possible 
to argue that your research might 
contribute to the understanding or 
treatment of a particular disease or 
other medical condition. This is also 
an important consideration when it 
comes to justifying the use of animals 
in biomedical research. In this respect, 
I have ensured that my own research 
covers aspects of both hearing and 
deafness, using the study of hearing 
loss and its restoration as a means of 
probing the adaptive capabilities of 
the auditory brain.
What is your greatest ambition in 
research? To work out what the 
auditory cortex really does (other 
than, as some people have claimed, 
just to keep the brainstem warm).
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The honey bee has long fascinated 
both scientists and the general 
public. Expressions such as “make 
a bee-line” and “don’t be a mindless 
drone” exemplify the impact of 
bees on our everyday lives. For 
scientists, honey bees have been 
both an experimental workhorse 
and a source of biological wonder. 
Research into honey bee social 
behavior, in particular, has a long 
history and explores many related 
themes. At the phenotypic level, 
there are the rich systems of division 
of labor along with the intricate 
communication systems that allow 
for group level coordination of 
action. At the genetic level, there 
is research into the developmental 
biology underlying polyphenism, 
along with research into the genetic 
architecture of social traits in 
general. In Robert Page’s new 
book, The Spirit of the Hive, he 
reviews research conducted over 
30 years that spans several of 
these themes. Page’s goal, in the 
largest sense, is to try to capture 
the basic principle underlying social 
behavior and to shed light on its 
mechanistic basis. I found the book 
highly informative in its review of 
Page’s impressive body of work, 
but occasionally disappointing due 
to Page’s sometimes oversimplified 
presentations of honey bee social 
behavior.
The book explores three main 
research topics: the response 
threshold concept, the genetic 
and phenotypic basis of pollen 
regulation, and the reproductive 
ground plan hypothesis for the 
evolution of division of labor. The 
book begins with the response 
threshold concept. This is the 
idea that every behavior is elicited in response to a stimulus from 
the environment. If the stimulus 
exceeds an internal threshold, 
then the appropriate behavioral 
response ensues. Page summarizes 
his perspective on this classic 
ethological idea in the following way 
(p. 10):
“I will show here that the 
coordinated behavior long observed 
and admired emerges from a simple 
logic of self-organization and 
requires only that worker honey 
bees respond to stimuli that they 
encounter; when they respond, they 
change the amount of stimulus at 
that location and thereby affect the 
local behavior of their nestmates…”
Page elaborates further (p. 111):
“There is no central control of 
the activities of individual workers: 
they have limited global information 
about the state of the nest and the 
activities of others and behave by 
responding to local stimuli.”
Essentially, Page posits that 
the colony is integrated indirectly 
through workers interacting with 
the common nest environment. 
In other words, when workers 
conduct tasks, they change the 
stimulus environment in such a 
way that it regulates the behavior 
of other workers without the need 
for more complex coordinating 
mechanisms. When a worker starts 
to fan her wings in response to 
high temperature, for example, 
this decreases the temperature 
of the nest, such that other bees 
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this basic principle as the “spirit 
of the hive.” This simple idea does 
explain a significant amount of 
social insect behavior and Page 
reviews scores of studies on the 
honey bee in which he records 
variation in response thresholds (or 
physiological proxies of response 
thresholds) that support his models 
for group-level coordination of 
action. Given the impact this work 
has had on the field, this book 
should be necessary reading for 
anyone interested in social insect 
biology.
It is regrettable, however, that 
Page does not qualify his “spirit of 
the hive” principle, and so gives the 
strong impression that nothing more 
sophisticated than this is pivotal for 
colony organization. This implication 
is simply not true. In general, the 
problem with Page’s perspective is 
that it is common for social insects 
to make global information local. A 
forager returning home to unload 
nectar who cannot find a nectar 
receiver, for example, uses that 
information about the global state 
(obtained via local interactions) as 
the trigger to switch from foraging 
to tremble dancing. The tremble 
dance is a signal that is broadcast 
throughout the whole nest and 
recruits more nectar receivers. 
Hence, reliable information about 
the global pattern is collected and 
then shared with the entire nest in a 
manner that changes the behavior 
of the appropriate workers (likely 
through changing their response 
thresholds). 
Likewise, the chemical fertility 
signal of the queen is rapidly spread 
throughout the nest by dedicated 
‘messenger bees’ specialized for 
that task. Many such examples 
could be given of rapid coordination 
based on highly derived 
communicative behavior. Page’s 
idea for the “spirit of the hive” is 
not wrong, but it is oversimplified. It 
is true that behavior boils down to 
variation in response thresholds, but 
social insects have sophisticated 
mechanisms for coordinating the 
modulation of response thresholds 
at the individual, caste, and colony 
levels. As Page does not study 
the higher level mechanisms, one 
cannot fault him for not going 
into great detail about them. 
However, one can fault him for presenting a perspective on honey 
bee organization that suggests 
to readers that such important 
mechanisms either do not exist or 
are only of peripheral interest.
Page transitions from the 
response threshold idea to reviewing 
briefly his work on the evolution of 
polyandry. This is the study of why 
honey bee queens mate so many 
times (12 times on average). Page 
is on firmer ground here and does a 
good job of reviewing the literature. 
Although he emphasizes his own 
idea that polyandry originally 
evolved to mitigate the effects of 
producing diploid drones (non-
viable offspring that sometimes 
occur as a result of haplodiploidy), 
he goes into sufficient detail 
regarding the alternative hypotheses 
for the interested reader to follow 
up on whichever idea they find most 
persuasive.
The second major theme of 
the book focuses on a long-term 
selection experiment Page and 
collaborators have conducted on 
pollen collection and regulation. In 
short, they have artificially selected 
for pollen hoarding in order to firstly 
generate strong variation in this 
trait for use in quantitative genetics 
studies and, secondly, to uncover 
the behavioral and physiological 
factors most important for 
controlling pollen collection. Page 
informs us of his basic approach 
(p. 111):
“My approach to this question 
has been to combine selective 
breeding with mechanistic studies 
of behavior and physiology. I view 
selective breeding as analogous to 
natural selection, except that with 
selective breeding I, rather than 
the environment, am the agent of 
selection…”
I feel that Page’s perspective on 
artificial selection is problematic. 
In short, artificial and natural 
selection are different processes 
that lead to different outcomes. 
Natural selection, unlike artificial 
selection, does not necessarily 
select individuals with the highest 
trait value because exceptionally 
high trait values tend to cause 
tradeoffs in other traits that 
ultimately decrease fitness. Page’s 
own work on selecting for pollen 
hoarding is a good case-in-point. 
A honey bee colony must be able 
to regulate how much pollen they collect in such a way that they 
have enough for their current 
needs and no more. This tight 
regulation allows them to rapidly 
shuffle foragers to nectar collection 
whenever possible. Selection for 
pollen hoarding is therefore also 
selection against adaptive flexibility 
in task allocation. This selection has 
gone to completion in the hoarding 
bees generated in these studies 
who have no flexibility at all (and 
have difficulty even surviving a 
single year without assistance from 
beekeepers). 
Given that the pollen-hoarding 
bees cannot adaptively regulate 
pollen collection, what can we 
learn about pollen regulation from 
them? I would imagine that if their 
behavior were considered carefully 
with respect to how it differs from 
the behavior of wild-type bees 
(who not only collect pollen, but 
who also stop collection at the 
appropriate time), then quite a lot 
could be learned. In contrast, Page 
treats wild-type bees and pollen-
hoarding bees as equally useful for 
understanding pollen regulation. 
His perspective, based on his view 
of artificial selection quoted above, 
is that pollen-hoarding bees are 
just another type of honey bee (like 
subspecies generated by natural 
selection for local adaptation). The 
fact that the hoarding bees exhibit 
wildly maladaptive phenotypes does 
not factor into his interpretation 
of their behavior. To my mind, this 
basic flaw is a problem for many of 
Page’s ideas about the behavioral 
basis of pollen regulation and makes 
the chapters on the phenotypic 
nature of pollen regulation less 
informative than they could be.
Page’s other goal in producing 
the pollen-hoarding bees was 
to use them in a QTL study for 
elucidating the genetic basis of 
individual differences in pollen 
collection. In this regard, the 
pollen-hoarding bees are quite 
useful, and Page’s review of this 
difficult and demanding work is 
well done. He makes complex ideas 
straightforward and walks the reader 
through the long process of using 
quantitative genetics for identifying 
the genetic basis of a complex trait. 
He also sheds light on how changes 
in technology shaped the process 
and gives hints as to the direction of 
future work on this topic. As per the 
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these examples have been disputed 
and alternative explanations have 
been proposed. For example, male 
baboons may form coalitions simply 
because it is the best strategy for 
each of them. Alone, neither may have 
much chance of taking a female away 
from a high ranking male, but together 
each has much better odds of taking 
control of the female. Vampire bats 
may share blood because they are 
persistently harassed by other group 
members, making it more costly 
to hoard food than to share it. Tim 
Clutton-Brock has played a prominent 
role in raising questions about the 
validity of explanations based on 
reciprocal altruism. As one after 
another of the ‘classic’ examples of 
reciprocal altruism was reinterpreted, 
skepticism about explanations based 
on this process has increased. If you 
took a poll of behavioral ecologists 
today, I think the consensus would be 
that reciprocal altruism is extremely 
rare, perhaps limited to a few large-
brained species, such as primates or 
cetaceans. 
Is it possible we’re confusing 
absence of evidence with evidence 
of absence? Maybe. As skepticism 
about explanations based on 
reciprocal altruism has increased, the 
standards of evidence for inferring 
direct reciprocity have become more 
rigorous. With this, there is now some 
risk of rejecting genuine examples 
of reciprocity because they do not 
meet the full burden of proof. The 
primate literature presents a good 
example of this problem. Across 
a wide range of species, we find 
positive correlations between the 
benefits given and received within 
pairs of individuals. For examples, 
female baboons spend the most 
time grooming females from whom 
they receive the most grooming, 
and this pattern is not restricted 
to close kin. We also find positive 
correlations between grooming given 
and coalitionary support received. 
These are the kinds of patterns we 
would expect reciprocal altruism 
to generate. However, correlational 
data do not provide evidence of 
contingency, that one individual’s 
behavior was dependent on the 
previous behavior of its partner, a 
critical condition for strategies based 
on reciprocal altruism. Moreover, 
we are unable to measure the 
benefits and costs associated with 
Reciprocal altruism
Joan B. Silk
What is reciprocal altruism? In 
1971, Robert Trivers coined the term 
‘reciprocal altruism’ to describe a 
process that favors costly cooperation 
among reciprocating partners. In 
principle, altruism confounds the basic 
logic of evolution by natural selection 
because individuals incur fitness costs 
while providing benefits to others. 
Altruistic traits can evolve only when 
some cue allows altruists to direct 
benefits selectively to other altruists, 
and thereby increase the relative 
fitness of altruists. Three types of cues 
provide a basis for such assortment: 
recent common descent, proximity 
in viscous populations, and previous 
behavior. The first two types of cues 
are the foundation of kin selection, and 
the last cue is the basis of reciprocal 
altruism. The past behavior of other 
individuals provides a cue about 
whether they may carry genetic alleles 
that lead to altruistic behavior. Altruism 
can be favored if recipients restrict 
help to those from whom they receive 
help —I’ll scratch your back if (and only 
if) you’ll scratch mine. 
Could you give some examples? 
Textbook examples of reciprocal 
altruism include male baboons 
forming coalitions to gain access to 
sexually receptive females that are 
being mate-guarded by high ranking 
males. Craig Packer found that males 
most often supported the males 
from whom they received the most 
support. Gerald Wilkinson reported 
that when vampire bats return to their 
roosts after successful foraging trips, 
they sometimes regurgitate food for 
hungry nestmates. Wilkinson found 
food sharing was most often directed 
to kin and those that also shared food 
with the donor. Other well-known 
examples include egg trading by 
simultaneous hermaphroditic fish, 
predator inspection by schooling fish 
and the exchange of grooming in kind 
or for agonistic support in Old World 
monkeys and apes (Figure 1). 
So, all questions answered then? 
Not at all. Over the last few years, all 
Quick guidemechanistic work on the response threshold concept, I think this part 
of the book reviews important 
work in social insect biology and in 
behavioral genetics in general.
Page finishes his book by 
focusing on the reproductive ground 
plan work he has conducted in 
recent years with Gro Amdam and 
others. This is the study of how core 
genetic modules (primarily relating 
to reproductive physiology) have 
been reshaped by selection for 
eusociality. The idea was originally 
proposed by West-Eberhard for 
social insects, and has strong 
overlap with evo-devo ideas in 
general. Page also touches on work 
conducted with Timothy Linksvayer 
and others on indirect genetic 
effects on social behavior. This work 
explores how genes expressed in 
relatives (parent/offspring/siblings) 
interact with genes expressed in 
individuals to shape phenotypes 
that occur at both the individual 
and colony levels. Both of these 
research agendas are ongoing and 
are at the vanguard of research into 
social evolution. Page does a good 
job of reviewing the work done in 
his lab.
In summary, when studying a 
complex system it is often useful 
to take careful stock of where we 
are versus how far we have to go. 
In studies of vertebrate brains, 
for example, this is inescapable 
since our understanding of these 
systems pales in comparison 
to their complexity. It is entirely 
possible to learn massive amounts 
about the behavior of individual 
neurons without understanding how 
the neurons function as a group 
when linked together into large 
circuits. In the study of simpler, yet 
still profoundly complex systems, 
such as honey bee colonies, similar 
themes are present. Even though 
I do not think Page has captured 
the “spirit of the hive” in his book, 
I do think he has reviewed careful 
and important work on honey bee 
physiology and genetics, and I 
think that this review will ultimately 
enrich our understanding of these 
societies at every level of biological 
organization.
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